Introduction {#sec0005}
============

In cases of adolescent idiopathic scoliosis, the aim of surgical treatment is to provide compensation for the trunk and vertebral fusion for curvature that is considered to be structured. For this, the curvature is determined in accordance with the preoperative radiographic flexibility, and this guides the planning of the levels that are to undergo arthrodesis. King et al.[@bib0120] introduced the concept of selective thoracic arthrodesis in cases that were named "false double curves". This concept has been refined over recent decades, especially consequent to the paper published by Richards in 1992.[@bib0125]

In 2001, Lenke et al.[@bib0130] published a two-dimensional classification of adolescent idiopathic scoliosis. In this, the curvature is grouped into six main types and is also described in terms of lumbar and sagittal modifiers. Lenke type I is the most frequent classification, and this only presents structuring of the main thoracic curve (TPR). There is a consensus in the literature that type 1A curvature should only receive fusion of the main thoracic curve. However, in types B and [C]{.smallcaps}, inclusion of the lumbar curvature (TL/L) is a matter of controversy. Moreover, with the evolution of operative techniques and instruments that have greater corrective power, it has been observed that greater interest has been taken in identifying factors that predict equilibrium or iatrogenic decompensation of the trunk after selective fusion of the spine.

The objective of the present study was to evaluate the clinical and radiographic correction of lumbar curvature and its predictive factors, after only performing fusion of the thoracic curve in patients with Lenke 1 adolescent idiopathic scoliosis.

Materials and methods {#sec0010}
=====================

This study was approved by the institutional research ethics committee of the Catholic University of Santos (UNISANTOS) under the number CAAE 31602014.4.0000.5536. Forty-two patients with adolescent idiopathic scoliosis presenting curvature greater than 40° who underwent spinal arthrodesis participated in this study. They were evaluated clinically and radiographically in a prospective manner: before the operation, immediately after the operation (10 days afterwards) and after two years of follow up. All the patients were operated by the same senior surgeon. The clinical and radiographic evaluations were performed by members of the medical team who did not have direct participation in the research.

The following individuals were considered to be within the inclusion criteria: both genders; those with Lenke type 1 adolescent idiopathic scoliosis; those operated between the ages of 11 and 18 years; those with Cobb angles between 40° and 90°[@bib0135]; and those who underwent arthrodesis of the main thoracic spine by means of a posterior access route, using pedicle screws. Patients who required preoperative traction or distal fusion at L1 and those whose data were incompletely filled out were excluded.

The classification of the curves followed the criteria proposed by Lenke et al.[@bib0130] In this, the curves were classified into six main types, according to their structuring, and were also described in terms of a lumbar modifier (relationship between a central-sacral vertical line and the lumbar apical vertebra) and a sagittal modifier (kyphosis between T5 and T12).

Correction of the TPR followed the principles of derotation of the concavity with a rod by means of the technique of Cotrel and Dubousset.[@bib0140] This method was used in cases with lumbar A and B modifiers, as explained in the following: after placement of the pedicle screws, a previously molded concavity rod was positioned within the format of the scoliosis, followed by placement of fixation systems without completely locking them. At this time, the curve was corrected by means of derotation of the rod until it coincided with the kyphosis plane, or until the maximum correction in the coronal plane had been obtained. The correction finished with distraction between the screws and complete locking of the system. This was followed by placement of the second rod, which was molded in a rectified position with the aim of diminishing the thoracic hump and enabling fixation of this. In patients with the lumbar C modifier, a compression and distraction technique was used. In addition, deliberate undercorrection of the main thoracic curve was used, in order to minimize the risk of iatrogenic decompensation of the trunk.

The criteria of Suk et al.[@bib0145] were used to determine the fusion level. Thus, when a difference of up to two levels between the neutral vertebra and the terminal vertebra was observed, fusion was performed as far as the neutral vertebra and when this difference with greater than two levels, fusion was done as far as one vertebra before the neutral vertebra. Radiographs of the entire spine were produced on panoramic film (90 cm × 30 cm), in anteroposterior view (AP), lateral view (P) and active supine lateral oblique anteroposterior view.[@bib0150] The following parameters were evaluated as possible predictive factors for trunk compensation: Cobb angles of the proximal thoracic curve (TPX), TPR and TL/L[@bib0135]; Risser sign[@bib0155]; distal level of the arthrodesis; and translation of the lumbar apical vertebra.[@bib0160] The percentage correction of the curves was calculated in accordance with the formula proposed by Suk et al.[@bib0145]:$$\frac{\text{Cobb}\text{ \,\,}\text{pré-operatório} - \text{Cobb}\text{ \,\,}\text{pós-operatório}}{\text{Cobb}\text{ \,\,}\text{pré-operatório}} \times 100$$$$\frac{\text{Preoperative}\text{ \,\,}\text{Cobb} - \text{postoperative}\,\text{Cobb}}{\text{Preoperative}\text{ \,\,}\text{Cobb}} \times 100$$

After this, ratio between the Cobb angle of the main thoracic curvature and the thoracolumbar/lumbar curvature was calculated.

The clinical measurements comprised the translation of the trunk in the coronal plane, measured using a plumb line (Scoliosis Research Society)[@bib0165] and the size of the lumbar hump (cm). These measurements were made during a maneuver of anterior inclination of the trunk.[@bib0170]

Statistical analysis {#sec0015}
--------------------

The patients' qualitative characteristics were evaluated and were described using absolute and relative frequencies. Their quantitative characteristics were described using summary measurements (mean, standard deviation, median, minimum and maximum).

The preoperative and postoperative scales were described using summary measurements and were compared between the times using paired Wilcoxon tests.[@bib0175] The scales evaluated before the operation, in the immediate postoperative period and two years after the operation were described and compared using Friedman tests,[@bib0175] followed by the multiple nonparametric comparisons for paired data that were proposed by Netter et al.[@bib0180]

Spearman correlations were calculated between the scales relating to two years after the operation in order to ascertain correlations in the final results from the patients, between the scales.[@bib0175]

Measurements of trunk equilibrium using a plumb line were described, along with thoracolumbar/lumbar Cobb angle values. After this, these values were correlated with the distal anatomical level of the arthrodesis (instrumented distal vertebra), by means of the Mann--Whitney test.[@bib0175] The preoperative and postoperative plumb line values and the scale of plumb line changes were compared with the three types of lumbar modifiers of Lenke et al., by means of the Kruskal--Wallis test.[@bib0175]

The tests were performed with a significance level of 5%.

Results {#sec0020}
=======

Among the 42 patients included in this study, 4 (9.5%) were male and 38 (90.5%) were female; 55% presented type 4 Risser sign at the time of the surgery. Their mean age was 11.9 years and 61.9% presented lumbar A modifier, 33.3% presented B and 4.8% presented C. The instrumented distal vertebra was T12 in 23.9% and L1 in 76.1% ([Table 1](#tbl0005){ref-type="table"}).

The mean Cobb angle of the TPX was 24.69° (SD 7.34) and the lateral inclination was 13.07 (SD 7.56). In the immediate postoperative period, the mean TPX curvature was 12.57 (SD 6.84) and it was 12.64 (SD 6.89) two years after the surgery. A mean correction of 48.8% was observed.

For the main thoracic curvature (TPR) before the operation, the mean was 58.10° (SD 9.23) and the lateral inclination was 29.07° (SD 11.32). In the immediate postoperative period, the mean value observed was 15.90° (SD 6.46), while it was 18.02° (SD 6.91) two years after the procedure, i.e. an improvement of 68.9%.

The thoracolumbar/lumbar curvature (TL/L) presented a mean of 34.57° (SD 9.18) before the operation, with a lateral inclination of 8.07° (SD 11.09). In the immediate postoperative period, the value observed was 12.05° (SD 8.36) and after two years it was 14.81 (SD 8.91), which represented spontaneous correction of the lumbar curvature of 57.1%.

The preoperative thoracic hump was 2.23 cm (SD 0.92) and it was 0.85 cm (SD 0.80) two years after the operation, i.e. an improvement of 61.8% (*p* \< 0.001). The mean plumb line measurement was 1.25 cm (SD 1.23) before the operation and 0.25 cm (SD 0.59) after the surgical procedure, i.e. an improvement of 80% (*p* \< 0.001).

The translation of the lumbar apical vertebra was the only parameter analyzed that did not present any statistically significant improvement (*p* = 0.866) ([Table 2](#tbl0010){ref-type="table"}).

It was observed that there were statistically significant differences for the TPX, TPR and TL/L curvature, in comparing the pre and postoperative values (*p* \< 0.001). The TPR and TL/L curvatures presented angular worsening regarding the values obtained in the immediate postoperative period and two years after the operation (*p* = 0.006 and *p* = 0.005, respectively) ([Table 3](#tbl0015){ref-type="table"}).

Four patients presented worsening of their trunk equilibrium, as measured using a plumb line. Of these, two also presented increased lumbar humps. These cases were classified as Lenke A (one patient) and B (three patients). A description of the relationship between trunk compensation and the lumbar modifier is presented in [Table 4](#tbl0020){ref-type="table"}, [Table 5](#tbl0025){ref-type="table"}.

Also in relation to clinical measurements on the lumbar hump, according to each subtype of the lumbar modifier (A, B or C), we observed that there was no statistical difference between the groups, as presented in [Table 6](#tbl0030){ref-type="table"}.

The relationships of the plumb line and the Cobb TL/L with the last instrumented vertebra are presented in [Table 7](#tbl0035){ref-type="table"}. In this, it can be seen that the distal level of the arthrodesis (T12 or L10) did not influence the plumb line measurements or the Cobb thoracolumbar/lumbar angle (*p* = 0.479 and *p* = 0.194, respectively).

Discussion {#sec0025}
==========

The aims of surgical treatment of adolescent idiopathic scoliosis are to correct the deformity, restore trunk equilibrium and implement arthrodesis on the smallest number of spinal segments possible.[@bib0185]

Selective thoracic fusion for avoiding unnecessary fusion of flexible lumbar curves was described by King et al.[@bib0120] Several articles have demonstrated a capacity to accommodate lumbar curvature in relation to thoracic curvature, with maintenance of the overall alignment.[@bib0185], [@bib0190], [@bib0195] However, in some cases, there may be insufficient accommodation of the lumbar curve and unsatisfactory esthetic results. The prognostic factors for accommodation of the lumbar curvature are not fully established in the current literature.

In the present study, a spontaneous reduction in the Cobb angle of the lumbar curvature of 57% was observed. This value is similar to what was reported by Lenke et al.[@bib0185] and was greater than what was described by Parisini et al.[@bib0190] (54.8%) and Peelle (50%).[@bib0195] However, it was observed two years after the operation that there had been a significant increase in the lumbar Cobb angle (*p* = 0.005). This observation is contrary to previous descriptions, in which the spontaneous lumbar correction was seen to be dynamic and the improvement would occur within the first two years after the surgery.[@bib0185], [@bib0200], [@bib0205] However, we observed that despite radiographic worsening, no significant clinical deterioration was observed. This can be explained by the fact that there was proportional accommodation of the instrumented TPR curve, which maintained the angular ratio between the curves.

The translation of the instrumented distal vertebra measures the displacement of the spine from the midline. For the lumbar spine, no statistical difference from before to after the surgery was observed. This could have been expected, given that the majority of the curves included were of Lenke type A or B and presented less coronal translation during the preoperative period. Therefore, these presented less potential for surgical correction.

Considering the clinical alterations in relation to the size of the thoracic hump, there was a reduction of approximately 62% after the surgery. Since no thoracoplasty was performed, we attribute the clinical improvement to the capacity for axial correction presented by the surgical technique that was used. However, the correction in this plane was not the aim of the present study and it might be better explained through computed tomography evaluations. Regarding the lumbar hump, although the studies available are limited to those comparing anterior and posterior access routes, the results from the present sample were similar to those of Newton et al.[@bib0210] (50%), but were lower than those of Liljenqvist et al.[@bib0215] (63%).

Plumb line measurements are an important parameter in surgical treatment for adolescent idiopathic scoliosis.[@bib0220] In our study, an improvement in this parameter of 80% was obtained after the operation, which was greater than or similar to what was found by Parisini et al. (52% ± 8.7)[@bib0190] and by Liljenqvist et al.[@bib0215] (77.7%). However, there were four cases in which there was a worsening of the coronal equilibrium of the trunk. Two of these patients presented associated worsening of the thoracic hump. Among the cases in which there was clinical worsening, three were classified as having lumbar B modifier.

As previously described by Lenke et al.[@bib0225] and King et al.,[@bib0120] choosing a stable vertebra as the distal fusion level provided trunk equilibrium in most cases. In addition, no clinical or radiographic differences were observed between patients for whom the instrumented distal vertebra was T12 and those for whom it was L1.

According to Bridwell et al.,[@bib0230] the derotation maneuver may evolve toward decompensation of the compensatory curves. This is generally caused by overcorrection of the TPR and incapacity for lumbar accommodation. It can be explained by the fact that curves with lumbar type B modifier sometimes have behavior similar to that of type C,[@bib0185] which may not be recognized before the operation.

The strong points of the present study were that it had a prospective design and that a homogenous group of Lenke 1 patients was selected. However, the fact that most of the patients analyzed were classified as having lumbar A modifier, and much smaller numbers had subtype B and especially subtype C, can be considered to be a limitation.

Conclusion {#sec0030}
==========

1.Arthrodesis performed solely on the main thoracic curvature in Lenke 1 patients provided spontaneous correction of the lumbar curvature and consequent coronal equilibrium of the trunk.2.The least satisfactory results were observed in cases with lumbar B modifier and these may have been related to overcorrection of the main thoracic curvature.
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###### 

General characteristics of the sample.

  Variable                                     Description (*n* = 42)
  -------------------------------------------- ------------------------
  *Sex, n (%)*                                 
   Male                                        4 (9.5)
   Female                                      38 (90.5)
                                               
  *Age at time of diagnosis (years)*           
   mean (SD)                                   11.95 (1.13)
   median (min; max)                           12 (11; 15)
                                               
  *Risser, n (%)*                              
   1                                           3 (7.1)
   2                                           4 (9.5)
   3                                           10 (23.8)
   4                                           23 (54.8)
   5                                           2 (4.8)
                                               
  *Lenke, n (%)*                               
   A                                           26 (61.9)
   B                                           14 (33.3)
   C                                           2 (4.8)
                                               
  *Arthrodesis level, n (%)*                   
   Finished at L1                              32 (76.1)
   Finished at T12                             10 (23.9)
                                               
  *Proximal thoracic lateral inclination*      
   mean (SD)                                   13.07 (7.56)
   median (min; max)                           13 (−6; 24)
                                               
  *Main thoracic lateral inclination*          
   mean (SD)                                   29.07 (11.32)
   median (min; max)                           30 (6; 56)
                                               
  *Thoracolumbar/lumbar lateral inclination*   
   mean (SD)                                   1.43 (11.09)
   median (min; max)                           2 (−29; 24)

###### 

Results from tests comparing before and after the operation.

  Variable                                   Time     Mean    SD      Median   Minimum   Maximum   *N*   *p*
  ------------------------------------------ -------- ------- ------- -------- --------- --------- ----- ---------------------------------------------
  Hump (cm)                                  Before   2.23    0.92    2        0         4         42    \<0.001[a](#tblfn0005){ref-type="table-fn"}
  After                                      0.85     0.80    0.5     0        3         42              
  Plumb                                      Before   1.25    1.23    1        0         5         42    \<0.001[a](#tblfn0005){ref-type="table-fn"}
  After                                      0.25     0.59    0       0        3         42              
  Cobb AP proximal thoracic curve            Before   24.69   7.34    24.5     12        45        42    \<0.001
  Immediately after                          12.57    6.84    10.5    2        32        42              
  Two years after                            12.64    6.89    10.5    2        30        42              
  Cobb AP main thoracic curve                Before   58.10   9.23    58       44        91        42    \<0.001
  Immediately after                          15.90    6.46    15.5    1        28        42              
  Two years after                            18.02    6.91    18      4        35        42              
  Cobb AP thoracolumbar/lumbar curve         Before   34.57   9.18    34       17        54        42    \<0.001
  Immediately after                          12.05    8.36    10      0        35        42              
  Two years after                            14.81    8.91    14.5    0        35        42              
  Translation of thoracic apical vertebra    Before   49.83   16.49   50       17        95        42    \<0.001
  Immediately after                          11.36    6.95    10      2        33        42              
  Two years after                            12.29    9.32    11      −4       45        41              
  Translation of lumbar apical vertebra      Before   12.63   10.39   13       −5        46        41    0.866
  Immediately after                          12.59    10.87   11      −3       33        41              
  Two years after                            13.32    12.47   8       0        47        41              
  Instrumented distal vertebra inclination   Before   24.78   6.64    24       11        45        41    \<0.001
  Immediately after                          6.07     3.96    5       1        17        42              
  Two years after                            6.54     4.31    6       0        18        41              

Friedman test.

Paired Wilcoxon test.

###### 

Comparisons between the evaluation times.

  Variable                                   Comparison               *Z* value   *p*
  ------------------------------------------ ------------------------ ----------- ---------
  Cobb AP proximal thoracic curve            Before vs. immed after   9.27        \<0.001
  Before vs. two years after                 8.55                     \<0.001     
  Immed after vs. two years after            −0.71                    0.476       
  Cobb AP main thoracic curve                Before vs. immed after   11.08       \<0.001
  Before vs. two years after                 8.36                     \<0.001     
  Immed after vs. two years after            −2.72                    0.006       
  COBB AP thoracolumbar/lumbar curve         Before vs. immed after   10.89       \<0.001
  Before vs. two years after                 8.10                     \<0.001     
  Immed after vs. two years after            −2.79                    0.005       
  Translation of thoracic apical vertebra    Before vs. immed after   10.43       \<0.001
  Before vs. two years after                 9.01                     \<0.001     
  Immed after vs. two years after            −1.43                    0.154       
  Instrumented distal vertebra inclination   Before vs. immed after   10.05       \<0.001
  Before vs. two years after                 9.40                     \<0.001     
  Immed after vs. two years after            −0.65                    0.517       

###### 

Change in plumb according to the lumbar modifiers of Lenke et al.

  Change in plumb   Lenke               *p*                           
  ----------------- ------- ------ ---- ------ --- ------ ---- ------ -------
  Worsened          1       3.8    3    21.4   0   0.0    4    9.5    0.097
  No change         4       15.4   4    28.6   1   50.0   9    21.4   
  Improved          21      80.8   7    50.0   1   50.0   29   69.0   
  Total             26      100    14   100    2   100    42   100    

Kruskal--Wallis test.

###### 

Grading of the changes to the parameters evaluated.

  Variable                                       Description (*n* = 42)
  ---------------------------------------------- ------------------------
  *Change to hump*                               
   Worsened                                      2 (4.8)
   Improved 0--25%                               6 (14.3)
   Improved 25--50%                              8 (19)
   Improved \>50%                                26 (61.9)
                                                 
  *Change to plumb*                              
   Worsened                                      4 (9.5)
   No change                                     9 (21.4)
   Improved                                      29 (69)
                                                 
  *Change to Cobb (thoracolumbar/lumbar)*        
   Worsened                                      1 (2.4)
   Improved 0--25%                               1 (2.4)
   Improved 25--50%                              14 (33.3)
   Improved \>50%                                26 (61.9)
                                                 
  *Ration main Cobb/thoracolumbar/lumbar Cobb*   
   \> 1                                          24 (57.1)
   Between 1 and 0.5                             16 (38.1)
   Between 0.5 and 0.25                          1 (2.4)
   \<0.25                                        1 (2.4)

###### 

Description of clinical plumb line measurements before and after the operation, in accordance with Lenke et al., and the results from comparative tests.

  Variable       Lenke   Mean   SD     Median   Minimum   Maximum   *N*   *p*
  -------------- ------- ------ ------ -------- --------- --------- ----- -------
  Plumb before   A       1.52   1.35   1        0         5         26    0.093
  B              0.71    0.87   0.5    0        2.5       14              
  C              1.50    0.71   1.5    1        2         2               
  Plumb after    A       0.19   0.43   0        0         2         26    0.604
  B              0.32    0.82   0      0        3         14              
  C              0.50    0.71   0.5    0        1         2               

###### 

Comparison between last instrumented vertebra and changes to plumb and Cobb TL/L.

  Variable                                Arthrodesis level               *p*                
  --------------------------------------- ------------------- ------ ---- ------ ---- ------ --
  *Change to plumb*                       0.479                                              
   Worsened                               2                   6.2    2    20.0   4    9.6    
   No change                              5                   15.7   1    10.0   6    14.2   
   Improved                               25                  78.1   7    70.0   32   76.2   
                                                                                             
  *Change to thoracolumbar/lumbar Cobb*   0.194                                              
   Worsened                               0                   0.0    1    10.0   1    2.3    
   Improved 0--25%                        1                   3.1    0    0.0    1    2.3    
   Improved 25--50%                       9                   28.1   4    40.0   13   31.1   
   Improved \>50%                         22                  68.8   5    50.0   27   64.3   
  Total                                   32                  100    10   100    42   100    

Mann--Whitney test.
